Decisions about whether or not to approve a project plan for execution are critical. A decision to continue with a bad plan may lead to a failed project, whereas requesting unnecessary additional planning for an already highquality plan may be counterproductive. However, these decisions can be influenced by psychological biases, such as the endowment effect, optimism bias and ambiguity effect, which are enhanced when uncertainty is substantial and information incomplete. As a result, a non-biased model for evaluating the quality of project planning is important to improve planning approval decisions and resource allocation. This paper introduces a novel artifact (QPLAN) that evaluates and improves planning quality, and a case study to demonstrate its effectiveness within a business environment.
Introduction
The information technology (IT) industry, which encompasses enterprise software, data centers, devices, IT services and telecom services, was predicted to expend US$3.5 trillion in 2017 [20] . Nonetheless, poor performance of software development projects has plagued the IT industry for years [34] . In 2013, for instance, organizations successfully completed only 39% of software projects [65] , which led to estimated annual losses for the United States (US) and European Union (EU) markets of around US$100 billion each [68] .
Research has identified planning quality 1 as a key area for improvement in overcoming software projects' poor performance [14, 22, 67, 75] . Similarly, planning-performance theory suggests a positive impact of planning formality on financial performance [5] . Among other advantages, planning allows managers to better understand project requirements [22] and business contexts [16] , reduces projects' inherent uncertainty, and provides a reliable basis for monitoring and controlling projects [73] . Planning involves comparing alternative courses of actions [4, 9] , and establishing a pathway to accomplish the project's goals [60] . Because planning precedes major financial expenditures in a project, and because a small group of people is typically employed during this stage, improving a project plan, if needed, has a relatively low cost compared with its high value. However, managers can find it difficult to determine if a plan is of sufficient quality as a basis to start software development or if it requires further improvements. In particular, managers are required to make an important decision at the end of the planning phase: whether or not to approve the plan as is, re-work and improve it, or terminate the project before the organization invests more resources in it. An incorrect decision can cause managers to: (1) continue with a bad plan, which increases the chance of a failed project; (2) invest unnecessary additional resources in an already high-quality plan; and (3) not terminate bad projects on time.
Because the level of uncertainty is at its peak at the time of this decision [74] , psychological biases can often prevent managers from making correct decisions regarding project plans. For example, an "endowment effect" causes managers to feel ownership of a project, hence valuing it more than its real worth [31] , or defining requirements beyond the actual needs of the customer or the market [62] . Moreover, managers can have a tendency to overestimate the quality of project plans or be too optimistic about future projects' performance ("optimism bias") [30, 70] , hence approving project plans that are of questionable quality. Finally, an "ambiguity effect" supports a tendency to avoid decision making due to missing information [30] , and managers can avoid making a decision on project termination when they should do so. 1 "Planning quality" is equivalent to "quality of planning" and refers to a project's planning stage, which a project manager leads and commences immediately after project approval. During the planning stage, the project manager develops a project plan that should be aligned with the business case and provide a clear direction for the work to be done during project execution. Planning quality measures the quality of the planning processes undertaken by the project manager and influences directly the quality of the project plan document.
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These psychological biases have a negative impact on decision making [45] , especially under high levels of uncertainty when information is incomplete and ambiguous [30, 36, 47] . These biases are intensified when decision makers rely on their personal knowledge, known as an "inside view" [30, 70] . In an "inside view", decision makers build overly optimistic scenarios of events that may affect the project [18] . Alternatively, an "outside view" is based on previous actual objectives and comparable data from similar actions already completed. An "outside view" is more likely to produce a quality decision because it bypasses cognitive biases. In an "outside view", decision makers consider similar past projects to forecast a project's future [18, 30] .
Accordingly, dual process theory aims to explain the decision-making process from the view of decision makers through a general framework comprising two distinct systems of thinking: System 1 and System 2 [57]. System 1 corresponds to intuitive thinking, which is emotional, fast and unconscious thinking; System 2 corresponds to reasoned thinking, which is logical, controlled operations, slow and conscious [30, 44] . Systems 1 and 2 operate in parallel and interactively [57] . In case of high uncertainty levels, System 2 can monitor the information quality provided by System 1 by framing it to be subservient to System 2 [30], i.e., System 1 provides inputs to System 2, which rationalize the reasons why a particular judgment was made. Poor project plan decisions are more likely when only System 1 is in use, due to the psychological biases discussed above [44] . In adding System 2, the evaluation of a project plan is also based on relevant, reliable and quantitative information. As a result, introducing System 2 to decision making under uncertainty can reduce bias and improve decision quality.
Therefore, organizations can improve their decision making processes by using an objective tool that evaluates planning quality independently, thus encouraging System 2 thinking. The evaluation literature provides support for this argument by stating that: 1) better evaluation improves the quality of decision makers' thinking [17, 43, 51] , and 2) evaluation requires measurement and learning [21] . Thus, we address the following research question: "How can the planning quality of software development projects be better evaluated and improved?"
To address this question, we introduce the quality of planning (QPLAN) tool, so named because it evaluates how well one plans software-development projects. QPLAN is an innovative decision support tool that helps managers make better decisions by reducing psychological biases and empirically evaluating and enhancing the quality of project planning. This paper proceeds as follows: In Section 2, we review the relevant literature related to evaluating planning quality. In Section 3, we discuss our research approach, and in Section 4 describe how we developed, validated and used QPLAN in a case study. In Section 5, we apply QPLAN to an organization from the defense industry as a case study. Finally, in Section 6, we conclude the paper.
Existing methods for evaluating planning quality
The literature has identified three leading methods for evaluating planning quality in software-development projects: the project management planning quality (PMPQ) model, checklists, and metrics. We discuss each approach below.
PMPQ model
The PMPQ model evaluates the quality of project planning through key planning products [75] [52] ). The model's overall planning quality indicator comprises two sub-indices: planning quality by the organization (QPO), which evaluates organizational-support processes, and planning quality by a manager (QPM), which evaluates the planning-quality processes for which a project manager is responsible. The model measures planning quality by a weighted linear combination of 16 planning processes that the project management body of knowledge (PMBOK) defines [75] (Table 1) .
Checklist approaches
Checklists are a common approach to assessing planning quality and risks [33] . Based on expert knowledge [25] , software-development projects often use checklists to determine whether the planning phase has finished and the project can proceed with the next phase [33] , guide reviews, and ensure project teams adhere to procedures. Checklists are a common tool that various models and methods use, such as: (1) (5) the SQuaRE model, a general data-quality model for data retained in a structured format in a computer system [27] . Checklists can incorporate expert knowledge of a process, including lessons learnt from past projects [25] .
Checklists provide guidance on crucial questions that one needs to ask and a systematic approach to the various stages involved in planning. Checklists are perhaps the simplest and most productive tool for analyzing quality. However, excessive and uncritical use of checklists can be counterproductive [10, 25] ).
Metrics approaches
Metrics have a vital role in software development because of their potential to improve quality and productivity as efficient feedback mechanisms. The rationale for using metrics arises from the notion 
